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CHARACTERIZATION OF RECOMBINATION AND CONTROL ELECTRODES

FOR SPACECRAFT NICKEL-CADMIUM CELLS

by

S. Lerner and H. N. Seiger

ABSTRACT

Cells containing active Adhydrodes and fuel cell scavenger
electrodes have been investigated as to their cycling and gassing
characteristics at various temperatures. It has been shown that
cells containing a fuel cell scavenger electrode have superior
low temperature cycling, as well as gassing, characteristics when
compared to standard VO-12HSAD cells,
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INTRODUCTION

High rate charging (rates in excess of C/5) of sealed nickel-cadmium
batteries is a desirable mode of charge. 1Its desirability is due to the
necessity of fast charging after deep discharge in low orbits, and also
because a higher rate charge is efficient. High rate charging is avoided
except where control of the amount of charge may be employed. When con-
trolling, we must include some overcharge. The minimum input must be
that which compensates for charge inefficiency, or else there will be
a continual rundown in capacity, and the maximum input avoids building
up pressures to the burst point. A good control stops or alters charge
after the point where the overcharge compensates for charge inefficiency
and before the point where the internal cell pressure bescomes excessive,
and avoids the wasteful heat produced when a cell goes into an overcharge
mode.

A control that has many attractive attributes is the Adhydrode@‘J
(the adsorbed hydrogen electrode). By careful setting of the trip
point, which is the signal across the load resistor between the Adhy-
drode and the negative electrode, a single level can safely and ad-
equately control high rate charge over a suitable range of temperatures.
The Adhydrode is, in a manner of speaking, a self-powered transducer.
If the cell characteristics change with use or time, the result is
that the signal generated will reflect this change. This situation
does, in fact, occur. The negative electrodes recombine oxygen at de-
creasing rates over several hundred cycles. if we can get the oxygen
recombination at faster rates, this disadvantage of the adhydrode can
be overcome. An oxygen getter, or scavenger electrode, appears to be
a reasonable approach to this problem.

The objective of this program is to produce cells containing the
Adhydrode and scavenger electrodes. This will be accomplished through
an investigation of materials as a scavenger electrode, and the fab-
rication of such cells and batteries for evaluation.



OUTLINE OF PROGRAM

The program has been completely outlined in the previous quarterly
report and will be reviewed here only briefly. The program has been
divided into three parts. The first involves the evaluation and im-
provement of scavenger electrodes. The second part of the program
will be an evaluation of the third, or active Adhydrode, electrode
characteristics. The final part of the program will be devoted to
testing cells containing the best features determined from the first
two parts of the program.

Testing of Scavenger Electrodes

Scavenger electrodes of the Adhydrode type, of various porosities
and thicknesses, along with two different types of fuel cell electrodes,
were tested to determine their ability to recombine oxygen. These
were tested in both working cells and in a specially designed test
chamber. (1)

Active (Third) Electrode
Three locations for the active electrode were studied; they are:

(1) A "U" shaped electrode placed in a side positionm.
(2) A flat plate electrode placed at one end of the pack.
(3) A flat plate electrode placed in the center of the pack.

Testing

When the optimum configurations for the scavenger and signaling
electrodes have been determined, they will be used in combination for
final testing.

Temperature Characteristics. - The above cells shall be tested at

four different temperatures and three different depths of discharge,(l)
The test shall be 1 week's cycling at each temperature and depth of
discharge using a 60-30 minute orbit.

Life Testing. ~ The best cells will be life tested at room temperature
at both 40% and 607 depths of discharge using a 60-30 minute orbit.




EXPERITMENTAL PROCEDURES & RESULTS
Automatic Cycling of Cells at Room Temperature

Several cells (Nos. 41, 42 and 43) with Adhydrodes and fuel cell
electrode scavengers have been on various automatic cycling routines
for the past six months at 607 depth of discharge. The first routine
of 476 cycles consisted of a 60 minute charge followed by a 30 minute
discharge. Cell number 42 was chosen as the control cell. The Ad-
hydrode was connected to the negative through a 1/4 ohm resistor.
Figures 1, 2, and 3 are the Adhydrode signal versus pressure curves
for cycles 10, 228, and 461 for cell 42, At the end of the 476th
cycle, the cells were placed on an instrument which allows the cells
to be charged for 60 minutes or to a preset Adhydrode signal, and dis-
charged for 30 minutes. 1If the Adhydrode signal point is reached be-
fore the end of 60 minutes, the cells are then automatically placed
on open circuit for the remainder of the 60 minutes, and then go on
the discharge portion of the cycle.

The cells were connected to the cycler using cell 42 as the con-
trol cell. A 1/4 ohm resistor was connected between the Adhydrode and
the negative and the trip point was set at 50 mV (200 mA). This trip
point setting allowed for a 10% overcharge. Figures 4 and 5 are the
Adhydrode versus pressure curves for cycles 4 and 97 for the control
cell,

After the 144th cycle, the cell voltages began to fall below
1.0 V at the end of discharge, due to a slight increase in the Adhy-
drode sensitivity, causing the cells to be taken off charge prematurely.

To overcome this, the 1/4 ohm resistor was replaced by a 1/8 ohm
resistor and the trip point reset at 45 mV. This again allowed for
a 10% overcharge. Figures 6 and 7 are the Adhydrode signal versus
pressure for cycles 193 and 305. On the 326th cycle, the Adhydrode
on the controlling cell ceased to function in a stable manner, and
the cells began to receive a full 60 minutes of charge, which corres-
ponds to a 32% overcharge. However, even with this extreme over-
charge, the end of charge cell pressures remained below 25 psig.

In order to determine the cause of the erratic Adhydrode behavior,
the cell atmosphere in the control cell was analyzed after the end of
charge of the 367th cycle and found to contain 957 hydrogen. Comparison
of control and experimental cells both show the presence of hydrogen, so
this is not due to the scavenger electrode but may be due to the present
batch of plates. However, the presence of hydrogen in the cells and the
low end of charge pressure (12 psig), along with the fact that during
discharge the cell returns to vacuum, illustrates the advantage of using
a fuel cell electrode as a scavenger, since the build-up of extreme
pressures is prevented regardless of the composition of the internal cell
atmosphere. After the gas sample analysis, the cells were discharged to
1.0 V and were reconditioned. The reconditioning cycle consisted of a
C/10 (800 mA) charge, a 3 ampere discharge to 1.0 V, a C rate charge,
and a 3 ampere discharge to 1.0 V.
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Since prior to cycling, cell 42 had a capacity somewhat lower
than the other cells, it is probable that part of the difficulties
which arose during cycling were due to the severe loss in capacity
of the control cell.

TABLE I. - CAPACITIES OF CELLS 41, 42, 43 UPON REMOVAL
FROM CYCLING

CELL NO. 41 42 43

CAPACITY 7.8 5.1 7.7

After the reconditioning cycle, two of the cells (Nos. 40
and 43) were placed back on cycle with cell number 43 controlling
and have, to date, successfully completed 398 cycles. Figures 8-10
are, respectively, cycles 61, 285, and 398. A comparison of these
figures indicates that the recombination rate increasss as the number
of cycles increases. This may be due to a rise in the internal
temperature of the cell which increases the rate of recompination; or a
redistribution of electrolyte.

Low Temperature Cycling

Several control (VO-12HSAD) and experimental cells were cycied
for one week at both -20°C (-4°F) and 0°C (32°F) at a 50% depth of
discharge on a 90 minute orbit. Sixty-five cycles were completed at
-20°C and sixty-one at 0°C. One complete cycle a day was mornitored.
Figures 11-14 are, respectively, the 3rd and last cycle reor the experi-
mental and control cells at -20°C. Figures 15-18 are similar curves
at 0°C.

It should be noted that on the last cycle for the experimental
cell at 0°C, the pressure begins to increase at the initiation of
charge. The reason for this has not yet been investigated and no
explanation is offered. However, this pressure ris= 1s siight (10 psia)
and apparently has no effect upon the cell characteristics which were
a much more rapid pressure and Adhydrode decay than thz control cells.
In fact, the experimental cells had a stronger Adhydrods signal than
the controls, which even at these low temperatures rose rapidly upon
charge and decayed rapidly upon discharge, while the Adhydrode
signal from the control cells rose, initially, on discharge and then
decayed slowly. This rise and slow decay on discharge can be injurious
to cycle life if the end of discharge signal is abovz th- 2nd of *
charge trip point as this can prevent some types of charga control
devices from putting the cell back on charge.

~11-




On the last cycle at each temperature, the cells were discharged
to 1.0 V and the residual capacities determined. These data are
shown in Figures 19 and 20. It is evident that the experimental
cells containing the fuel cell electrode have a greater resistance
to capacity loss on low temperature cycling than the control cells,
It should be noted that at low temperatures, the capacities of nickel-
cadmium cells increases. However, the magnitude of this increase
should be the same for both sets (control and experimental).

High Temperature Cycling

Three VO-12HSAD control cells and three experimental cells
containing fuel cell scavenger electrodes were placed in an oven at
100°F in the discharged state. The cells were allowed to stand for
48 hours and were then charged at 5 amperes. During the initial
charge, the control cells developed exceedingly high pressures (greater
than 150 psig). Analysis indicated that the gas was > 97% hydrogen.
These cells, along with one experimental cell were removed from the
oven and not tested further.

~12-
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The remaining two experimental cells were placed on cycle at 50%
depth of discharge. Both cells went into reverse on the first cycle.
The two cells (discharged) were then allowed to equilibrate at 95°F.
Eighteen cycles were completed before one cell went into reverse and
the other cells' end of discharge voltage fell below 1.0 V (Figure 21).

To determine if the exposure to high temperatures had adversely
affected the cells, the cells were placed on cycle at 50% depth of dis-
charge for one week at room temperature. No problems were encountered
during the room temperature cycling,

The cells were again placed in the oven at 100°F and were cycled
at a 10% depth of discharge for 10 days (158 cycles). Figures 22 and
23 are the pressure, Adhydrode and discharge curve for cycles 3 and 142.
Figure 24 is the residual capacity of the two cells after cycling
(nominal cell capacity is 10 Ah). ‘

/
1

Gassing Characteristics of Cells

In order to evaluate the gassing characteristics of the cells con-
taining fuel cell electrodes, as compared to those cells containing a
passive Adhydrode, the following test was performed.

Three cells containing fuel cell electrodes and three Vo-12HSAD
cells (the Adhydrode in the passive mode) were charged at C/2 to
25 psig (40 psia) at temperatures between -20°C (0°F) and 40°C (100°F).
The results for a typical pair of cells are shown in Figures 25 and 26
and briefly summarized in Table II. It is evident from these results
that the inclusion of a fuel cell electrode in a sealed cell permits
wider latitude in the charging mode and also aids in keeping the cell
pressure at a low value.

The data presented for the V0-12HSAD cells are better than they
would be under normal operating conditions, since under such conditions
the Adhydrode would be connected in the active mode. This again shows
the advantages to cells containing both scavenger and signaling electrodes.

TABLE II. - PERCENT CAPACITY INPUT TO 40 PSIA AT C/2
VERSUS TEMPERATURE

TEMPERATURE VO-12HSAD | EXPERIMENIAL CELLS
-20°C (0°F) 108% 1427
0°C (32°F) 1387 158%
25°C (72°F) 79% 150%
40°C (100°F) 100% 150%
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CELL VOLTAGE

4,001 “00Q %01 ‘€ TIORD ~ ASYITOA TTAD ® TANSSHYd °SA TVNOIS FAONAAHAV

ES

SALININW - HEWIL

*T7 T4NOId

00T 06 S8 08 S 0L €9 09 SS 0S5 S 0¥ G6€ Of 6Z 07z S1 O1 ¢ 0
0 AA0YAAHAV Y e A \ 0
\ f\\\\\\\\h
S : /.7;. —C (1Y4
01 o - R — @ -9 —0—- 9 oY m
; s L 1 o
TINSSTId ) . o
02 08 H
Z
[
Se 00T
o€ 0z1 * m
p—
ce @  IDUVHOSIA | e F9YVHD 4 —lo%1
(=]
oY 091 2
B
SH - 081 H
-3
=
002
0Z2°1
YA Jlelnwj
Oﬁ.H 7 / ¥
/ h
SE°1 /%

o1




CELL PRESSURE -- PSTIA

CELL VOLTAGE

4,001 ‘Q0Q %01 ‘zH1 °ON HIDAD

AOVITOA TTIID ® TINSSTIA 'SA TYNOIS TAOWAXHAV ‘€7 TANOI
SHIANIW - FWIL
6 06 S8 08 SL 0L €9 09 S§& 0S5  S¥ O% G¢ O 6Z 0Z SI OIL € ©
JQOUQAHAV | 1
0 == O~ -0 —1 0
c 'O, 7 02
A.wv\
01 oY
T — e ——T ¢ ? H
manssmaa | .
0z 08
2z 001
o€ 0zt
¢ ovl
oY . I99VHOSIA P F9AVHD —— — 091
(17 - 081
0z°1
mw////
€T°1 z/xzm
f -«
Omo.ﬂ /. h
ge°1 //N

YOLSISHY WHO /1 - vu - TYNIIS ACOYAXHAY
-29.




0ce

00¢

49¥vHOSIA §/D “d,00T ® STTOAD AOA %01 ‘8ST ¥IALAV ALIOVAVD TVAAISTA

08¢

09¢

o%e

0¢¢

SHLANIW -~ JWIL

00¢

081

091

oyl

(A

001

08

09

‘HZ WNO1d

0%

0%

0°1

uv

S0°1

01°1

S1°1

0c°1

sz'1

0e°1

se°1

LR

ov°1

doVII0A T1dD

- 30~



08

- STIdD AVSHZTI-0A -- VISd O+ OL IDEVHD ¢/D Gz TINOId
SALANIW - IWNIL
T 041 091 O0ST O%T OfT 021l OI1 001 06 08 0L 09 0¢ (0 (019 0Z 01
v— 0
V\\A. rﬁwue.“ﬁc —s
X t\ f\ﬂ —
A o1
Mw LM u\,ﬁ
2R \% 4 i
M\ ¥ m / )
) \ \ / (Y4
d ) .
V ce
ul.x' {
P ¥
Uoo UOONI UOO.-N qumN
0s

)

visd -- MINSSHEd TTdD

-31-



SAJO¥LIATE TT4D TANA HIIM STIAD TVINAWINAIXA - VISd 0% OL AOUVHD ¢/o “9¢ FANIOIA

3

SALONIW - JHLL
0Ic 00z 061 08T OLT 09T O0ST O%T OET 021 OIT 00T 06 08 OL 09 05 Ov Of 0z Ol 0

— 4 - ﬁ%‘

.?

0,07 I

p///
0,0%

® 0,62 9.02- .

VISd - HTINSSHId 114D



CONCLUSIONS

The testing of hermetically sealed nickel-cadmium cells equipped
with both a fuel cell scavenger electrode and an active Adhydrode
has shown these cells to be superior to conventional (VO-12HSAD) cells
equipped with only an active Adhydrode. This superiority is demonstrated
by (1) the ability of the cells to be cycled at 60% depth of discharge,
(2) the improved low temperature performance, (3) the improved gassing
characteristics shown by the ability of the scavenger electrode to
keep the cell pressure low independent of the internal cell atmosphere

and most important, (4) the rapid decay of the Adhydrode signal upon
interruption of charge.
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FUTURE WORK

Additional emphasis will be given to high temperature testing
(40°C).

The required cells for delivery are in the process of fabrication
and should be ready by the required delivery date.
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